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(57) ABSTRACT

A method of planarizing an oxide layer. The method
includes performing an 1sotropic chemical dry etching
operation using a nitrogenous processing gas. Furthermore,
oxygen can also be added to the nitrogenous processing gas
during the 1sotropic chemical dry etching operation. In
addition, the nitrogenous processing gas can be nitrogen or
a nitrogen-oxygen compound, where the nitrogen-oxygen
compound can be nitrogen monoxide, nitrogen dioxide or
nitrous oxide.

15 Claims, 2 Drawing Sheets
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METHOD FOR PLANARIZING AN OXIDE
LAYER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 88105504, filed Apr. 7, 1999, the full
disclosure of which is 1ncorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a method for planarizing,
an oxide layer. More particularly, the present invention
relates to a method for planarizing an oxide layer using an
1sotropic chemical dry etching operation.

2. Description of Related Art

Conventionally, an oxide layer 1s planarized by perform-
ing a chemical-mechanical polishing operation. However, to
produce a planar oxide layer above a highly rugged semi-
conductor substrate, a very thick layer of oxide must be
deposited. Then, a chemical-mechanical polishing operation
has to be carried out to remove the upper portion of the oxide
layer so that the underlying rugged landscape 1s completely
concealed. Since a rather thick oxide layer must be removed
to obtain the desired planarity, polishing time 1s long and
hence the cost of production will increase. Moreover, addi-
tional problems related to reliability of devices may result
from lengthy polishing.

SUMMARY OF THE INVENTION

The invention provides a method of planarizing an oxide
layer. The method includes performing an 1sotropic chemis-
cal dry etching operation using a nitrogenous processing
cgas. Furthermore, oxygen can also be added to the nitrog-
enous processing gas during the 1sotropic chemical dry
ctching operation.

According to the embodiment of this invention, the
nifrogenous gas can be nitrogen or a nifrogen-oxygen
compound, where the nitrogen-oxygen compound can be
nitrogen monoxide, nitrogen dioxide or nitrous oxide.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are mtended to provide further explanation
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the mnvention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion. In the drawings,

FIGS. 1A and 1B are schematic, cross-sectional views
showing the steps for planarizing an oxide layer by per-
forming an 1sotropic chemical dry etching operation accord-
ing to one preferred embodiment of this mnvention; and

FIGS. 2A through 2C are schematic, cross-sectional views
showing the steps for manufacturing a trench 1solation
structure with the application of an i1sotropic chemical dry
etching operation according to this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made 1n detail to the present
preferred embodiments of the mnvention, examples of which
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are 1llustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

In this embodiment of the invention, a method for pla-
narizing an oxide layer above a substrate having conductive
lines thereon 1s provided. The planarization 1s carried out
using an 1sotropic chemical dry etching operation. However,
the 1nvention 1s not limited to such application. In fact, the
invention can be applied to planarize an oxide layer depos-
ited over any rugged substrate surface. For example, this
invention can be applied to planarize the oxide layer above
a MOS transistor.

FIGS. 1A and 1B are schematic, cross-sectional views
showing the steps for planarizing an oxide layer by per-
forming an 1sotropic chemical dry etching operation accord-
ing to one preferred embodiment of this 1nvention.

As shown 1 FIG. 1A, a substrate 100 having conductive
lines 102 thercon 1s provided. Since an opening 104 is
formed between two neighboring conductive lines 102, a
very rugged substrate surface 1s created. The substrate 100
can be a semiconductor silicon substrate having some
devices, for example, MOS ftransistors formed therein. To
simplify the diagram, these devices are not shown.
Thereafter, an 1nsulation layer 106 1s formed over the
conductive lines 102 and the substrate 100. Preferably, the
insulation layer 106 1s formed by depositing silicon oxide
(81,0,) or a silicon oxide based material. For example, the
silicon oxide layer 106 can be a sub-atmospheric chemical
vapor deposition (SACVD) oxide or a plasma-enhanced
chemical vapor deposition (PE-CVD) tetracthyl orthosili-
cate (TEOS), phosphosilicate glass (PSG), borophosphosili-
cate glass (BPSG), spin-on-glass (SOG) or other material
having similar properties. The silicon oxide insulation layer
106 not only covers the substrate 100, but some of the
rugeed landscape above the substrate 1s also reflected in the
shape of the upper surface of the insulation layer 106 as well.
Hence, a recess 110a 1s formed 1n region that corresponds in
position to the opening 104, whereas bumps 1105 are formed

in locations that correspond 1n position to the conductive
lines 102. In FIG. 1A, the step height from the bottom of the
recess 110a to top of the bump 1105 1s labeled 108.

As shown 1n FIG. 1B, an 1sotropic chemical dry etching
operation 1s carried out to planarize the oxide layer 106 so
that an oxide layer 1064 1s ultimately formed. The process-
ing gas used 1 conducting the 1sotropic chemical dry
ctching operation is preferably a nitrogenous gas that can be
nitrogen (N,) or a nitrogen-oxygen compound (N O,).
Nitrogen-oxygen compounds include gases such as nitrogen
monoxide (NO), nitrogen dioxide (NO,) and nitrous oxide
(N,O). The desired level of planarity on an oxide layer can
be achieved by varying the flow of the nitrogenous gas
through the reacting chamber of a dry etching station.

The amount of nitrogenous processing gas (such as
nitrogen) flowing into the reaction chamber affects the
degree of planarity of the insulation layer 1064 after etching.
Table 1 below lists out the average step heights 108 for
passing various amount of nitrogen into the reaction cham-
ber.

TABLE 1

Volumetric Flow of Gaseous
Nitrogen (sccm)

Average Step Height on
[nsulation Layer (nm)

250
179

10
40
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TABLE 1-continued

Volumetric Flow of Gaseous
Nitrogen (sccm)

Average Step Height on
[nsulation Layer (nm)

150
200

137
100

According to Table 1, step height 108 of the insulation
layer 106a after etching 1s smaller 1f the volumetric flow of
nitrogenous gas 1nto the reaction chamber during the etching
operation 1s greater. In other words, planarity of the 1nsula-
tion layer 1064 increases according to the amount of gaseous
nitrogen passed into the reaction chamber. By controlling
the rate of flow of the nitrogenous gas or gas mixture,
ctching rate of the bumps 110b above the insulation layer
106 can be increased to a level higher than the etching rate
of the recess regions 110a. Hence, the desired planarity for
the oxide insulation layer 106 can be obtained.

In addition, some gasecous oxygen can also be mixed
together with the nitrogenous gas in the 1sotropic chemical
dry etching operation.

In brief, the planarizing method of this 1nvention 1s able
to do away with the chemical-mechanical polishing opera-
tion. Moreover, a thinner layer of silicon oxide needs to be
deposited over a substrate to obtain the same level of
planarity as 1 a conventional process. Hence, cost of
production can be reduced.

The planarization method of this mmvention can also be
applied during the fabrication of a trench 1solation structure.
FIGS. 2A through 2C are schematic cross-sectional views
showing the steps for manufacturing a trench 1solation
structure with the application of an i1sotropic chemical dry
etching operation according to this invention.

As shown 1n FIG. 2A, a substrate 200 having a pad oxide
layer 202 and a mask layer 204 thereon 1s provided. The
substrate 200 can be a semiconductor silicon substrate. Next,
a trench 1s formed, passing through the pad oxide layer 202
and the mask layer 204, and into the substrate 200.
Thereafter, an oxide plug 206 1s formed inside the trench.
The oxide plug 206 1s preferably formed using silicon oxide
(S51,0,) or silicon oxide-based material. Subsequently, the
oxide plug surface 210 and the mask layer surface 212 are
planarized in a chemical-mechanical polishing (CMP)
operation.

Before the mask layer 204 1s removed, densification of the
oxide plug 206 1s usually carried out at a temperature of
around 1000° C. Thereafter, a wet etching operation is
conducted to remove a portion of the oxide plug 206. Hence,
the upper surface of the oxide plug 206 remains at a small
enough height level above the substrate 200 surface when
the mask layer 1s removed so that surface planarity is not be
alfected. However, a densification operation takes consider-
able time. Nevertheless, if the oxide plug 206 1s etched
directly without the densification operation, the central
portion of the oxide plug 206 will have a higher etching rate
than 1ts surrounding area. Consequently, a recess 1s generally
formed 1n the middle of the oxide plug 206. When some of
the polysilicon material for forming the gate electrode of a
device 1s subsequently deposited 1nto the recess arca above
the oxide plug 206, abnormal conduction of the device may
result.

To prevent the recess 1n the central region of the oxide
plug 206 from causing abnormal conduction, an isotropic
chemical dry etching operation similar to the first embodi-
ment 1s performed. The isotropic chemical dry etching
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operation 1s carried out to remove a portion of the oxide
layer 206 after the chemical-mechanical polishing operation
but prior to the removal of the mask layer 204. Ultimately,
an oxide plug 206a having a structure as shown in FIG. 2B
1s formed. Note that the upper surface 210 of the oxide plug
2064 1s at a level slightly lower than the surface 212 of the
mask layer 204. Since the conditions for carrying out the
1sotropic chemical dry etching operation are similar to the
first embodiment of this invention, detailed description is
not repeated here.

By performing the oxide etching method of this invention
after the CMP operation, there 1s no need to densily the
oxide plug 206. Hence, a single processing step 1s eliminated
from the fabrication of trench 1solation structure.

As shown 1n FIG. 2C, a wet etching operation 1s carried
out to remove the mask layer 204. Subsequently, other
processes necessary for forming a complete circuit are
conducted. Since these other processes are familiar to the
people working 1n the semiconductor industry, detailed
description 1s omitted here.

In summary, major aspects of this invention include:

1. An 1sotropic chemical dry etching operation 1s used in
the 1nvention to planarize an oxide layer above a substrate.

2. By adjusting the flow of processing gas into the
reaction chamber during an 1sotropic chemical dry etching
operation, the etching rate in the high areas of the oxide layer
1s greater than the etching rate 1n the recessed regions.
Consequently, the desired level of planarity for the oxide
layer can be obtained.

3. The processing gas used in the 1sotropic chemical dry
ctching operation of this mvention is nitrogenous gas. The
nifrogenous gas can be nitrogen and nitrogen-oxygen
compound, and the nitrogen-oxygen compound includes
nitrogen monoxide, nitrogen dioxide or nitrous oxide.

4. The processing gas used in the isotropic chemical dry
ctching operation can even be a mixture of nitrogenous gas
and oxygen.

5. The oxade planarization method of this invention can do
away with chemical-mechanical polishing operation
entirely. In addition, a thinner layer of oxide can be depos-
ited over the substrate to produce a level of planarity similar
to that produced 1n the conventional method. Therefore, cost
of production can be reduced.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present mvention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A process for planarizing an oxide layer, comprising the
step of:

ctching back the oxide layer to planarize the oxide layer
using a nitrogenous compound as a processing gas,
wherein the nitrogenous compound comprises nitrogen
and a desired level of planarity 1s achieved by adjusting,
a volumetric flow rate of the nitrogen, and wherein no
chemical-mechanical polishing (CMP) is conducted to
planarize the oxide layer.

2. The process of claim 1, wherein the nitrogenous
compound 1s selected from a group comprising nitrogen and
a nitrogen-oxygen compound.

3. The process of claim 2, wherein the nitrogen-oxygen
compound 1s selected from a group comprising nitrogen
monoxide, nitrogen dioxide and nitrous oxide.
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4. The process of claim 1, wherein the processing gas
further includes oxygen.

5. A process for planarizing an oxide layer, comprising the
steps of:

providing a substrate having a rugged surface layer;

depositing oxide material over the substrate and the
rugeed surface layer; and

planarizing the oxide layer by performing an etch back
process using a nitrogenous compound comprising,
nitrogen as a processing gas, wherein a desired level of
planarity 1s achieved by adjusting a volumetric flow
rate of the nitrogen.

6. The process of claim §, wherein the rugged upper
surface of the substrate 1s due to the presence of a plurality
of conductive line structures.

7. The process of claim 5, wherein the rugged upper
surface of the substrate 1s due to the presence of a plurality
of MOS ftransistor structures.

8. The process of claim 5§, wherein the nitrogenous
processing gas 1s selected from a group comprising nitrogen
and a nitrogen-oxygen compound.

9. The process of claim 8, wherein the nitrogen-oxygen
compound 1s selected from a group comprising nitrogen
monoxide, nitrogen dioxide and nitrous oxide.

10. The process of claim §, wherein the processing gas
further includes oxygen.
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11. A method for manufacturing a trench isolation
structure, comprising the steps of:

providing a substrate having a mask layer thereon,
wherein an oxide plug 1s also formed to pass through
the mask layer and into the substrate such that the upper
surfaces of both the oxide plug and the mask layer are
at the same level;

ctching back the oxide plug using a nitrogenous com-
pound comprising nifrogen as a Processing gas,
wherein a desired level of planarity 1s achieved by
adjusting a volumetric flow rate of the nitrogen; and

removing the mask layer.

12. The method of claim 11, wherein the nitrogenous
processing gas 1s selected from a group including nitrogen
and nitrogen-oxygen compound.

13. The method of claim 12, wherein the nitrogen-oxygen
compound 1s selected from a group including nitrogen
monoxide, nitrogen dioxide and nitrous oxide.

14. The method of claim 11, wherein the processing gas
further includes oxygen.

15. The method of claim 5, wherein the rugged surface
layer layer includes conductive lines.
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